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INTRODUCTION 



T d 1850 Americans had enjoyed over fifty years 
of political independence, but in other spheres 
the United States remained Europe's colony. The 
national economy was still extractive, depending 
largely on European purchases of raw cotton to 
provide frreign credits. As a developing nation 
the United States had deficiencies of heavy man- 
ufactured goods and investment capital, both of 
which the Old World had to supply. In the arts, 
particularly in music, architecture, and painting, 
Europe set American standards. While this na- 
tion could boast individuals who had shown 
great originality, in most matters of culture and 
taste America continued to be an imitative coun- 
try. 

In science the United States relied almost com- 
pletely on Europe. This dependence was par- 
ticularly apparent in the field of chemistry. Stu- 
dents and professionals looked to Europe for 
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both the tools and the ideas of the discipline. 
American chemists remained a step or two be- 
hind those in Europe, relying on students return- 
ing from abroad and on foreign reports in the 
few American scientific journals for word of new 
theoretical developments. 

If 1850 saw American chemists playing a de- 
pendent role, changes were in prospect. In the 
next half-century chemists succeeded in erecting 
the professional institutions they needed to make 
them self-sufficient. Aided by demands from 
industry for wider dissemination of applied 
knowledge, American scientists created an un- 
dergraduate educational system capable of im- 
parting known principles and techniques to 
students in chemistry. With the German example 
to guide them, workers also built a network of 
graduate departments in which young men could 
train themselves for research careers. In the same 
half-century chemists also labored to create 
specialized journals and professional societies 
which proved effective in promoting research, 
giving efficiency and unity to the national effort, 
and setting values for die profession. 

American chemists needed a secure position in 
the economy just as much as they needed pro- 
fessional institutions. By the first decade of the 
twentieth century reforms in higher education, 
an expanding government bureaucracy, and the 
rise of national industries all combined to give 
chemists an assured place in the occupational 
structure of American society. 

This monograph is an institutional history of 
chemistry in the United States. It rests on the 
premise that science derives many of its goals, 
its institutional forms, and its support from the 
larger society of which it is a part. I have not 
attempted to write a history of die development 
of chemical knowledge. The existence and ex- 
pansion of a body of knowledge is basic to any 
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profession, but I feel justified in excluding in- 
ternal, technical history for two reasons. First, 
this is a history of American activity, and in the 
period under study the major theoretical ad- 
vances were made by Europeans. Second, sound 
histories of the growth of chemical knowledge 
already exist, including a few accounts of Ameri- 
can theoretical work. 

I wish to express my appreciation to three men 
who offered help and guidance in the prepara- 
tion of this study. Assistant Professor Charles 
Rosenberg, Department of History, University 
of Pennsylvania, gave me the benefit of his wide 
knowledge of the institutional development of 
American science and supplied good counsel at 
crucial times. Professor Aaron Ihde, who teaches 
the history of science at the University of Wis- 
consin, read my manuscript along the way and 
made numerous helpful criticisms. I owe the 
greatest debt to Professor Irvin G. Wyllie of the 
Wisconsin Department of History for die stimula- 
tion and encouragement he gave to the writing 
of this essay. My thanks are due to him particu- 
larly for his patience as I struggled with die task 
of forging the tools of the historian from those of 
the engineer. Finally, my thanks are extended 
to the Graduate School of the University of Flor- 
ida for making this publication possible. 

Houghton Mifflin Company kindly gave per- 
mission to quote from the Autobiography of 
Andrew Carnegie , and Yale University Press 
generously allowed quotation from Elizabeth 
Osborne, From the Files of Samuel \V. Johnson. 

Edward H. Beardsley 
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1. EDUCATION IN CHEMISTRY: 
AMERICAN ORIGINS 



Jn the middle decades of the nineteenth century, popular dis- 
satisfaction with a higher educational system wed to the culture 
of ancient Greece and Rome was at its height. Americans not plan- 
nmg careers in Medicine, law, or the ministry shared a feeling that 
the classical college had little to offer. The collegiate curriculum of 
that day was almost totally devoted to Greek, Latin, mathematics, 
and moral philosophy. Subjects having practical application, such 
as engineering, chemistry, agricultural science, physics, and geol- 
ogy, if taught at all, received only slight attention. Even where 
scientific instruction was offered, teaching laboratories were prac- 
tically unknown. As a result many Americans who were engaged 
in the work of building railroads, exploiting natural resources, in- 
creasmg agricultural production, and setting up an industrial es- 
tablishment began to insist that the Uni. .. States had pressing 
educational needs of a noncultural kind. & 

As early as the 1840 s colleges began to feel the effects of their 
remoteness from and indifference to the material interests of the 
American people. In 1850 President Francis Wayland of Brown 
University reported to his trustees that college enrollment was not 
only failing to keep pace with the expanding American population, 
but was actually experiencing a decline. From 1840 to 1850 total 
attendance at twelve New England colleges and universities had 
dropped from 2,063 to 1,884. Wayland said that the reason for 
the decline was plain: Colleges “are not filled, because we do not 

furnish the education desired by the people Even when we 

give it away, still the demand diminishes ” 1 Not all colleges could 
give their services away; those that could not suffered a harsh fate, 
n the years before 1860, declining student enrollment was a factor 
m forcing over 700 colleges to close their doors. 2 Colleges began to 
see that the only hope oi -^-establishing their connection with the 



1. Report to the Brown Corporation, 1850, quoted in Francis Amasa Walker 
Discusstons in Education (New York, 1899), 82. See S. D. Ross, Denwcrwu’s 
Coflege, (Ames, Iowa, 1942), 15; Richard Hofstadter and D. C. Hardy The 

Y<S^, 29 ™* SCOPe ° f Educatk>n in the United sJS (New 

1962)^9^ Rud ° lph ’ ^ AmeriCm CoUege and University (New York, 
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RISE OF THE AMERICAN CHEMISTRY PROFESSION 

American people and of restoring their financial position lay in 
making greater provision for studies promising immediate utility. 
The rise of chemistry as an academic subject reflected the colleges’ 
growing willingness to pay heed to popular demands. 

The Sheffield Scientific School of Yale College (initially called 
the Department of Philosophy and the Arts), the Lawrence Sci- 
entific School of Harvard College, and Harvard College itself led 
the way in giving chemistry a respected place in American higher 
education. These early chemistry departments set the pattern and 
prepared the ground for later developments in American chemical 
education. Their success was largely due to the individual efforts 
of a handful of pioneer American chemists. 3 

In 1846 Benjamin Silliman, Sr., Yale professor of chemistry, and 
his son and assistant, Benjamin Silliman, Jr., petitioned the Yale 
Corporation to found a school of applied chemistry. Arguing that 
the college should recognize the educational needs of the large 
number of Americans planning to make their living in agriculture 
and manufacturing the Sillimans asked the Yale trustees to provide 
a laboratory and establish professorships of agricultural and applied 
chemistry. The petitioners testified that because of a lack of fa- 
cilities they had turned away many students who had come to 
them seeking advanced instruction in chemistry. These students 
either had to give up their professional ambitions or go to Euro- 
pean universities, since no American university offered advanced 
training in chemistry at that time. 4 

After a period of deliberation the Yale Corporation in 1847 es- 
tablished the Depar tm ent of Philosophy and the Arts to embrace 
all branches not included under theology, medicine, or law. Faith- 
ful to the S illimans ’ request, the corporation included the School 

3. Early efforts to establish systems of chemical education at Harvard and 

Yale did not represent the first provision for instruction in chemistry. American 
colleges had established chairs of cherr‘ i v ry in the late eighteenth century. 
What these mid-nineteenth-centuiv chemical departments unique was 

that they were the first to offer a student of chemistry a full program of chemi- 
cal studies, including laboratory practice. There were other centers of chemical 
education which evolved about the same time as the d^artments in 
Haven and Cambridge, such as die Chandler Scientific School of Dartmouth 
College and the University of Michigan’s Department of Literature, Science, 
and the Arts. These departments did not have as much influence as the 
chemistry programs at Harvard and Yale, nor did they attract students or staff 
of the same calibre. 

4. John F. Fulton and Elizabeth Thomson, Benjamin SilUman, 1779-1864: 
Pathfinder in American Science (New York, 1947), 206-9. 
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of Applied Chemistry in die new department and created the 
professorships that the Sillimans had specified. Benjamin Sflliman, 
Jr., received the post of Professor of Chemistry as Applied to the 
Arts, and John Pitkin Norton, formerly a special student of chem- 
istry under the Sillimans, Professor of Agricultural Chemistr y. 8 

The S illiman and Norton appointments carried no salary. The 
college cautioned die new professors that it did not expect to bear 
any of the financial burdens of the chemis try school. It did pro- 
vide a laboratory for chemical instruction (a house that 
served as the president’s residence), but on a rent basis and only 
after Norton and Silliman assured Yale President Woolsey that no 
"danger from fire need be feared,” and that “no change or injury* 
to the house would result from its use as a laboratory.* 

Students in die new department had no official connection with 
Yale College. The corporation legislated to prevent contact be- 
tween regular college students and those in die philosophy de- 
partment For die most part courses in the college were not open to 
philosophy department students, and vice versa. Students of the new 
department could not live in the college dormitory nor were they 
welcome at the chapel service? Furthermore, there would be no 
degrees for students in the new department: it must first prove 
itself worthy of die Yale diploma. 7 

By 1847 Norton and Silliman had developed a program of 
studies. Norton lectured on agricultural chemis try and SilUmaw 
gave a course in industrial chemistry. In the analytical laboratory 
students got the chance to practice what they had learn ed .* 

Meeting expenses proved a difficult task. John T. Norton, the 
young professor’s hither, anonymously gave $5,000 to support the 
new enterprise.* But that gift provided only a fraction of the en- 
dowment needed, and professors Norton and Silliman had to rely 
on their own resources to meet initial costs. 10 In the first year 

5. Catalogue of the Officers and Students in Yale College , 1846-47:42, 
1847-48:4. 

6. John Norton and Benjamin Silliman, Jr., c. 1847, to Resident Woolsey, 
Yale Memorabilia Collection, Yale University. 

7. Yale Catalogue, 1847-48:42-43. 8. Ibid. 

9. Howard S. Miller, **A Bounty for Research. He Philanthropic Support of 
Scientific Investigation in America, 1838-1902* (Typescript PhJX thesis. Uni- 
versity of Wisconsin, 1964), 1CT. 

10. Norton and S ilfim a n, April 10, 1848, to Yale Corporation; c. 1849, to 
Yale President and Corporation; c. 1850, to Yale Prudential Comma**#. Yale 
Memorabilia Collection. 
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they expended $2,000 of their own funds for equipment and 
^cucals. Operating expenses, far outrunning studentfees, posed 
anotiher problem. Ever resourceful, the two chemists founda 
solution m outside consulting work. They analyzed dried fish for a 
!"? “termed m its commercial fertilizer value and a piece of 

n SS?Z fOT f y0UDg inventor named Charles Goodyear.” 
-5 1849 financial matters were fairly well in hand, the number 

of stadents was rising, and the two professors viewed their success 
as far beyond our expectations.”” That year, however, saw the 
lust rorams challenge to the infant scientific school: Silliman de- 
parted for a teaching post at the University of Louisville. 18 Had 
John Norton been a man of small talent and dedication, Sillimans 
leaving might have been crucial. Norton, however, was determined 
to mdrn the tostitution a “credit ... to the country,” and though 
forced to work under a heavy strain, he seemed completely tire- 

^ 46 i^ctiou, he worked ener- 
geti cally to selT the school and to find jobs for its students. Yet 

, * ^ man , a ? ed . ** me ^ OT *tedents* problems: his concern th at 

ey have suitable living accommodations was characteristic of his 
interest m their welfare. 1 * 

to 1850 Norton urged the Yale Corporation to reconsider its 
poatwn on degrees for his department Awarding the bachelor’s 
and doctor degrees would induce students to prolong their stay 
“ J at ?* a 1 tor >' “d enhance its reputation. The college could 
pant the higher awards without fear of sullying its standing, Nor- 
ton argued, for students of the School of Applied Chemist™ had 
won creditable positions for themselves. 1 * In 1851, after a year of 
pressing his case, Norton achieved a partial victory: Yale agreed to 

fSSiSiSSsSSS^^ ar&s 

la. smnMn continued fa> instruct at the applied chemistry school in the 
wanner*, but for all practical purposes he was out of by the fall 

7 - to <**» »<*»“ cafe. Yd. Aostyt Lab. Letter Press 

4S?** ss^s^si 

M. Deamber 1ft 1850, to 

ftwdat. Comomtion, ad FdW Me ItemmS SSL. J 851 ’ to TlJe 
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grant die Bachelor of Philosophy degree to students of the new 
department 17 

In the fall of 1852 death ended John Norton’s career. Only thirty 
years old when he died, he succumbed to pneumonia contracted 
during die winter of 1851-52 when he had taken on the extra 
burden of traveling to Albany, New York, every week to aid in the 
establishment of a university there. According to his father, Norton 
"remembered his laboratory ... in his dying moments, expressing 
die earnest wish that it might be continued, and requesting that 
if it were continued all his property therein . . . should be given 
to Yale College.” 18 

The laboratory and die school continued. From 1852 to 1855 the 
instructional staff and curriculum of the School of Applied Chem- 
istry expanded measurably. In 1853 John A. Porter, a graduate of 
Giessen University, took Norton’s place as profes r of agricultural 
chemistry. Two years later George J. Brush and k uel W. Johnson 
joined die faculty. Brush returned from a period of study at Munich 
and Freiberg universities to take up a post in mineralogy, and 
Johnson, also trained at Munich, became first assistant in the 
chemistry laboratory. 1 ® These young men entered their work with 
great enthusiasm. Brush told Johnson while still in Germany that 
he thought they would “be able to do ’some pumpkins,* if not 
more,” when “we all get back and start our team in good 
earnest.” 20 

In 1854 Yale College acknowledged that the new p rogr am of 
scientific studies had achieved respectability by r enaming the 
Department of Philosophy the Yale Scientific School. 21 Her name 
however, was all that Yale would give. The chemistry program 
continued to lack an endowment, and the expansion in courses 
and faculty, by attracting more students, put an added strain on 

17. Yale Catalogue, 1851-52:45. 

18. John T. Norton, January 12, 1853, to President Woolsey, Yale Memo- 
rabilia Collection. Also see “Obituary,” American Journal of Science and Arts. 
14 (1853), 448-49. 

19. Yale Catalogue, 1852-53:4; 1855-56:13; “Obituary of John A. Porter,** 
American Journal of Science and Arts (1867), 290; “George J. Brush,” Na- 
tional Cyclopaedia of American Biography, 10:298; T. B. Osborne, “S. W. John- 
son,” National Academy of Sciences, Biographical Memoirs, 7 ( 1913), 193-222. 

20. Elizabeth A. Osborne, From the Letter Files of Samuel W. Johnson 
(New Haven, 1918), 93. 

21. Russell H. Chittenden, History of die Sheffield Scientific School (2 vol- 
umes, New Haven, 1928), 1:71-72; Yale Catalogue, 1854-55:50; 1855-56:53. 
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existing facilities and income. By the mid-1850s some of the faculty 
began to lose their enthusiasm and look for other positions. In 1856, 
viewing the run-down condition of the laboratory and the lack of 
books, Samuel Johnson concluded that the Yale Scientific School 
was on die verge of failure. 22 

Aware of die pressing needs of the new institution, the scien- 
tific c ommuni ty of Yale College launched an all-out effort to ob- 
tain an adequate endowment. Although appeals were made at 
commencements and in the periodical press, the campaign-with 
but one exception-was a failure: Joseph Sheffield, New Haven 
industrialist, gave $5000 to purchase a new building for the chem- 
istry laboratory. While that gift allowed the establishment of a 
more complete experimental course, including original investiga- 
tions, it did not solve die problem of insufficient operating reve- 
nue. 23 

In 1859 hope for endowment appeared from a new quarter. 
Senator Justin Morrill introduced before Congress an agricultural 
bill which promised support for institutions giving instruction in 
agricultural science. Hope faded, however, as it became apparent 
that President Buchanan would reject die measure. Benjamin 
Silliman, Jr., now back in New Haven, expressed the frustration of 
Yale chemists when he asked a Pennsylvania friend, “Cannot your 
old statesman who now' holds the trembling goose quil [sic] ready 
to veto Morrill’s Agriculture Bill be made to feel the force of opin- 
ion from the rural districts ... as against this last act of imbecile 
folly?” 24 Buchanan vetoed the bill as predicted, and 1860 promised 
to be a crucial year for chemical education at the Yale Scientific 
School Hope for federal assistance was gone, the college would 
offer no help, and there was no prospect of state aid. The chemistry 
faculty was frankly worried about the school’s survival 25 

What promised to be a bleak year proved to be a good one. 
Joseph Sheffield’s long interest in practical science education and 
the Yale Scientific School (partly because his son-in-law, John 
Porter, was professor of agricultural chemistry there) led him to see 



22. Chittenden, 1:71-72; E. A. Osborne, 92-93, 125-26, 103. 

71 ~ 72i E * A* Osborne, 132-33; Yale Catalogue 
Oilman, “Scientific Schools in Europe,” American Jour - 
naZ of Education, 1 (1835), 315-28; John A. Porter, "Plan of an Agricultural 
School, American Journal of Education, 1 (1855), 329-35. 

24. March 7 1859, toW.H. Brewer, Yale Memorabilia Collection. 

25. E. A. Osborne, 132-33. 
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finally that die school could not hope to prosper without large 
means. In 1860 he agreed to give an endowment of $100,000. 
This money provided a new laboratory and gave the chemical de- 
partment an ample income for the first time. Financial stability 
led to a complete overhaul of die course and degree program. In 
1860 die Yale Scientific School offered the chemistry student a 
three-year undergraduate course, plus a Ph.D. for advanced work. 2 ® 

In 1863 additional support came to die Sheffield Scientific School 
(renamed for its benefactor in 1862) when Connecticut made it the 
beneficiary of die 1862 Morrill Act grant. Providing funds for basic 
as well as applied sciences, die grant provided additional operating 
revenue, new professorships, and student scholarships. Chemistry 
and engineering, the most popular programs in the school, got the 
bulk of the new support. 27 

The Lawrence Scientific School at Harvard College, unlike its 
counterpart at Yale, was fortunate enough to have sufficient en- 
dowment at die outset. In June, 1847, Abbott Lawrence, a New 
England railroad builder, cotton manufacturer, and merchant, gave 
$50,000 to endow scientific and technical education at Harvard. 
Lawrence’s experience had convinced him that skilled engineers 
and chemists were vital to the success of American industry. His 
work in cotton manufacturing had shown him that the develop- 
ment of adequate water power required the service of a trained 
engineer, and that bleacheries and printworks sorely needed skilled 
chemists. 28 

Harvard College used the Lawrence gift to endow a separate 
school of science, applying one-half of the money for a chemistry 
laboratory. German-trained scientist Eben N. Horsford became the 
first chemistry professor in the Lawrence Scientific School. As his 
interests tended strongly toward applied chemistry, his course 
program reflected those leanings. 28 Opening his laboratory in 1848, 
Horsford gave instruction in chemical analysis as applied to manu- 

26. Chittenden, 1:71-72; Yale Catalogue, 1860-61:45-54. 

27. Chi t tenden, 1:236. See Silliman, January 24, 1863, to W. H. Brewer, 
Yale Memorabilia Collection; Chittenden, 1:91-92, 101, 118. 

28. Charles W. Eliot, Harvard Memories (Cambridge, 1923), 57-58; R. J. 
Starr, The Beginnings of Graduate Education in America (Chicago, 1953), 49: 
Chittenden, 1:38; Samuel Eliot Morison, Three Centuries of Harvard, 1636- 
1936 (Cambridge, 1937), 279-80. 

29. National Cyclopaedia of American Biography, 7:55-56; Charles Loring 
Jackson, **Eben Horsford,** American Academy of Arts and Sciences, Proceed- 
ings, 28 (1893), 342-43. 
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factoring, metallurgy, medicine, and agriculture. After mastering 
basic analytical methods, students learned to run tests for poisons, 
analyze water, and manufacture drugs and manures. Visits to 
local chemical establishments were a part of the schedule, while 
lectures in applied and theoretical chemisLiy completed Horsford’s 
program. 

In 1851 and 1852 Horsford enlarged his laboratory course. The 
offering of instruction in the “solution of problems of research in 
experimental science indicated that Horsford’s course was not to 
be geared totally to applied chemistry. 80 In 1852 Harvard granted 
the Bachelor of Science degree to students completing a year’s 
study and passing an examination in their major field. 81 

In the mid-1850’ s Charles F. Chandler, later to pioneer in chem- 
ical education at the Columbia College School of Mines, became a 
Lawrence School student His experience suggested that Horsfcrds 
program looked much better in the catalogue than it actually was. 
Eager to study with Horsford, Chandler found that the chemist 
gave only part time to his academic work, devoting much of his 
attention to a chemical firm he had founded in 1853. Lack of 
guidance was also a disappointment. After a hurried introduction 
to qualitative and quantitative analysis, students were simply 
“turned loose in the laboratory” to look after themselves. 32 As Hors- 
ford was no longer even giving his lectures, students had to make 
independent home study serve in place of formal instruction. An- 
other of Chandler’s complaints was that the scientific school stu- 
dents were virtually forbidden to enter the college gates. In general 
llarvard followed the same policy of academic segregation as 
Yale. 88 



In 1863 Eben Horsford the Lawrence Scientific School to 
devote full time to his manufacturing firm. German-trained Ph.D. 
Oliver Wolcott Gibbs replaced him. Though he made few changes 
in the curriculum, Gibbs put such stress on basic research that the 
chemical work of the scientific school took on a whole, new tone. 
An active researcher in his own right, Gibbs stimulated a like 
enthusiasm among his students, often parcelling out portions of 



30* Catalogue of the Officers and Students of Harvard University, 1851- 
dtuL, 1848-49:59-60, 1852-53:74* M. V. Bail, View of Harvard 
(Cambridge, 1949), 229-30. 

31. Harvard Catalogue, 1851-52:71. 

F ‘ Ch “ dte 4" I ^« m * 1 Biographical Uem- 
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his own experiments to promising pupils. While assistants attended 
to routine instruction, Gibbs guided advanced scholars, checking 
their investigations and challenging them to think for themselves. 
Chemist Frank W. Clarke, reflecting on the fruitful years he spent 
with Gibbs, asserted that his former mentor, more than any other 
man, introduced the German concept of research into America. 84 

In 1850 Josiah Parsons Cooke accepted the post of instructor in 
chemistry at Harvard College, full of plans to build a flourishing 
program of chemical studies there. This promised to be no easy 
task because in 1850 chemistry was defunct at Harvard. There was 
no laboratory for teacher or pupil, nor did the college own a single 
piece of chemical apparatus. Even lectures in chemistry had 
disappeared from the curriculum, because there was no one to give 
them. In a celebrated murder trial in 1849 Harvard’s professor of 
chemistry, John Webster, was found guilty of the brutal slaying of 
a Boston physician and was hanged for his crime. 85 

If Josiah Cooke found little tradition in chemistry to build upon, 
he was not without supporters for his work. He could count on the 
assistance of popular opinion to back his efforts to loosen up the 
rigid Harvard curriculum. About the time that Cooke assumed his 
position at Harvard, George S. Boutwell, a Massachusetts Demo- 
cratic leader, attacked Harvard for its indifference to the practical 
concerns of life. Reporting to a state legislative committee which 
was investigating the college, Boutwell charged that the Harvard 
curriculum was twenty-five years behind the times. He accused 
the institution of failing to "answer the just expectations of the 
people of the state.” Harvard College should have been trying to 
make better “farmers, mechanics, and merchants,” Boutwell said, 
but instead it was offering instruction better suited to an aris- 
tocracy. 88 

Cooke, like Boutwell, wanted Harvard College to meet the needs 
of the people of the state, but his youth (he was twenty-three when 
he took up his Harvard post), low academic rank, and inexperience 
seemed to limit his fitness to do battle with the classical tradition 
in education. However, he had two things in his favor. He was a 

34. F. W. Clarke, “Oliver Wolcott Gibbs,*” National Academy, Memoirs, 7 
(1913), 10; see ibid., pp. 1-22; Harvard Catalogue, 1863-72. 

35. Harvard Catalogue, 1849-50, 1850-51:5; Morison, 282-86; C. L. Jack- 
son, et <d., “Josiah Parsons Cooke,” American Academy Proceedings, 30 
(1895), 514-15. 

36. Quoted in Morison, 287. 
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close friend of Harvard President Jared Sparks. This personal tie 
meant that his proposals regarding education in chemistry would 
receive a sympathetic hearing from at least one member of the 
Harvard Corporation. Cooke’s other asset was his persistence. He 
sent letter after letter to corporation meetings until that body 
found it “difficult to resist the frequent demands of the young 
Professor.” 37 

Cookes polite agitation paid off. Before the end of his first year 
he gained approval to add two courses to the one he contracted to 
teach. His energy also won him an appointment to the vacant 
chemistry chair, boosting his standing and providing him with 
added income which he could use to advance his work. In succeed- 
ing years he continued to strive toward an expanded curricul um^ 
until by 1856 he was offering five courses in chemistry-a sharp* 
contrast to the complete absence of courses in 1850. 88 

Aware that mere courses had little value without accompanying 
experimental practice, Cooke began to campaign for a teaching 
laboratory as soon as he came to Harvard. Knowing that college 
trustees did not share his views, his initial demands were modest. 
All he wanted was a small private laboratory in which he could 
train a few students. In 1850 the college gave him a basement 
storeroom and told him that he would have to provide che micals 
at his own expense. 39 Luckily for the progress of che mis try at 
Harvard, Cooke had sufficient private resources to outfit his earlv 
laboratory. 40 X 

That first laboratory served him well as a place to prepare dem- 
onstration experiments, but Cooke wanted to bring the student to 
the apparatus rather than the apparatus to the student. This would 
not only make the learning process more efficient, but it would 
save Cooke a great deal of wasted effort. His responsibility for 
lectures in the medical school in Boston as well as those in the 
college at Cambridge, turned Cooke into a kind of academic team- 
ster: several times a week he had to make the tedious trip between 
the two points with a cartload of bulky and fragile apparatus. 41 
In 1856 Cooke decided to force the issue of a teaching laboratory. 

37. Jackson, 533. 

38. lhid '’ 534; Harvard Catalogue, 1850-51:41-44, 48; 1853-54:26, 29, 

3v*31i 

39. Jackson, 514-15. 

40. Ibid., 530-31, 534. 

41. Ibid., 516. 
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His plan involved the use of the Boylston fund which had been 
accumulating at Harvard since 1818. Ward Nicholas Boylston left 
an endowment for an anatomical museum and chemistry labora- 
tory but, by the terms of the gift, construction had to be deferred 
until the fund reached $35,000. Although in 1856 the total of the 
endowment was only $23,000, Cooke proposed that if the college 
would release the fund for its stated purpose, he would raise the 
balance. In January, 1857, after deliberating for several months, the 
corporation agreed to Cooke’s plan, with the proviso that the pro- 
fessor raise not $11, /)0 but $17,000. Cooke had been soliciti n g 
money while the corporation was deliberating, and in less than a 
month after gaining approval for his scheme he was able to report 
that he had raised the full amount. Astounded and pleased by the 
young professors drive, the college released the Boylston funds. 42 

In 1858 the laboratory was opened for instruction. Its completion 
permitted Cooke to make new inroads on the curricul um . That 
year he offered the first student laboratory course at Harvard 
College. By 1859 he had succeeded in giving the college a 
strong chemistry program. He had injected seven chemistry courses 
into a tradition-bound curriculum, and, thanks largely to his efforts, 
Harvard was one of the first of the “old” institutions to have a 
teaching laboratory. 43 

Hie pioneer chemistry departments at the Sheffield an d Law- 
rence Scientific schools and within Harvard College had a great 
influence on the development of facilities and progr ams elsewhere. 
The 1850’s and 1860’s saw the establishment of a host of schools 
patterned after the Lawrence and Sheffield examples. Among them 
were the Chandler Scientific School of Dartmouth College, the 
Brooklyn Polytechnic School, the Massachusetts Institute of Tech- 
nology, the Columbia College School of Mines, and the Pardee 
Scientific School of Lafayette College. 44 The work of Josiah Cooke 
was also influential. Cooke helped to win for the sciences a place 
in the college curriculum equal to that held by the classics. He also 
helped to secure for students of the sciences the same rank and 
privileges as other college students. Although the Lawrence and 

42. Ibid., 539; see ibid., 536, 538-39; Bail, 241-42. 

43. John Hays Gardiner, Harvard (New York, 1914), 46-47; Harvard 
Catalogue, 1859-60:30-31. 

44. Rudolph, 232-33. In the decade of the 1860 s over twenty scientific 
schools were founded. See Report of the Commissioner of Education, 1885- 
1886 (Washington, 1887), 532-33. 
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Sheffield Scientific School pattern of a segregated existence exerted 
more influence on the shape of education in chemistry in the be- 
ginning, the Harvard College example of equal treatment com- 
manded more attention after the initial momentum of the scientific 
school movement had spent itself. When Cornell University opened 
its doors in 1868, chemistry and other sciences had a place in its 
curriculum equal to that of nonscientific subjects. 45 

These first programs in chemistry furnished the personnel to 
staff the later chemistry departments. Josiah Cooke’s students, 
Charles W. Eliot and Frank Storer, were the first directors of the 
analytical laboratory at the Massachusetts Institute of Technology. 
Sheffield student William Blake taught mining chemistry at the 
University of California, and later graduate Peter Collier held a 
chemistry professorship at the University of Vermont. Chemistry 
students of the Lawrence Scientific School taught at the University 
of Wisconsin, Cornell University, and M.I.T., to cite but a few 
examples. 45 

The factors contributing to the success of the earliest chemical 
programs continued to operate beyond the formative years. Popular 
demands for a higher education attuned to the practical pursuits, 
Morrill Act grants, and the philanthropy of merchants and indus- 
trialists remained key elements in expanding the facilities for edu- 
cation in chemistry in America. 

By the 1870’s the American student could find some 60 col- 
leges, universities, and scientific schools which offered at least 
three years of instruction in chemistry. 47 In effect, America had 
created a national system of chemical education. It was a system 
largely concerned with the dissemination and application of knowl- 
edge, and in that respect not comparable with the systems of 
chemical education in Germany, or even France. Nevertheless, 

45. Andrew D. White, Autobiography (2 volumes, New York, 1905), 1:341. 
The work that Cooke did for chemistry, other scholars did for other "forbidden" 
studies, such as modem languages, American history, economics, English litera- 
ture. The electoral system (especially after C. W. Eliot gave it such standing 
at Harvard) furthered the work of such academic pioneers as Josiah Cooke, by 
giving them greater freedom to set up courses, and by offering the student 
freedom to select them. 

46. Jackson, 541; National Cyclopedia, 10:40, 8:356; G. F. Bush, “History 
of Higher Education in Massachusetts," Circular of Information Number 6, 
V. S. Bureau of Education (Washington, 1891), 117. 

47. F. W. Clarke, A Report of the Teaching of Chemistry and Physics and 
Chemistry in the United States, Circular of the Bureau of Education, 1880 
(Washington, 1881), 167-68, Table II. 



O 

ERIC 



12 






AMERICAN ORIGINS 



by the 1870’s American chemistry departments were capable of 
providing a supply of trained chemists to fill the increasing number 
of positions in educational institutions, government agencies, and 
industry. If Ame rican education in chemistry was not yet research- 
minded, as the German system was, it was able to prepare the 
American student to profit by German training. 



2. EDUCATION IN CHEMISTRY: 
THE GERMAN INFLUENCE 



Tn the vears between 1850 and World War I nearly 10,000 Ameri- 
*■ can students matriculated in German universities; about one- 
tenth of them were seeking advanced instruction in chemistry. 1 
The most popular German institution for such students was the 
University of Berlin, but the universities of Gottingen and Heidel- 
berg and the Freiberg Mining Academy followed closely. 2 

The German university attracted young American chemistry 
students for several reasons. 8 Many students went to Germany be- 
cause it was fashionable to do so, and because German tr ainin g was 
an index of culture. As one observer put it, “upper class students 
in the United States don’t think their education finished until they 
have their Wanderjahr (or two) in a German university.” 4 Through 
most of the nineteenth century the universities of Germany offered 



1. For estimates of the number of American students in German universi- 
vi j Thwing, The American and the German University (New 

York, 1928), 140-41. In estimating chemists, I have used figures for chemis- 
by students at Gottingen University in D. B. Shumway, “American Students 
at the University of Gottingen,” German- American Annals, 8 (January, Feb- 
ruary, 1910), 199-251, and H. S. Van Klooster, “Friedrich Wbhler^ad Hfc 
American Pupils, Journal of Chemical Education, 21 (April, 1944) 158-70 
Klooster and Shumway give a total of about 190 chemistry students at 
Gottmgen m the period from 1850 to World War I; and I have multiplied 
this figure by a factor of five, which is approximately the proportion of Ameri- 
can chemistry students in Germany who studied at Gottingen, according to a 
study of the biographies of 185 American chemists (active in the years 1825- 
1900) given in the National Cyclopaedia of American Biography. The factor 
of five also makes an allowance for the students who matriculated at several 
universities while in Germany. 

Ac 2 ’ 1 J‘ Wi ? g : J 40 " 4 }- U* t*® 185 chemists of the National Cyclopaedia survey, 
68 matnculated at German universities. In order of their popularity, the favor- 

®5°“ p v y ere T lhe University of Berlin, the University of 
Gothngen, Heidelberg Umversity, Leipsig University, and the Freiberg Mining 
Academy. Of the non-German universities, the University of Paris was thy only 
one which attracted significant numbers of American chemists, and it ran be- 
hind Berlin, Gottmgen, and Heidelberg in order of popularity. 

3. The reader should understand that what applied to the student of chemis- 
try m the matter of German education usually applied to others as well. This 
was certainly the case for the motivations behind German study, as it was for 
the ™luence of German education on American students. Chemistry students 

were no different from any other American students in their attitudes and re- 
actions. 

4. A H. Baynes, “German Student Life,’ 

643. 
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a level of chemical education that no American institution could 
match. Some American chemists saw economic advantage in hav- 
ing this more advanced German training. In the early 1850s Ben- 
jamin Siliiman, Jr., then professor of chemistry at the University of 
Louisville, advised a former pupil to study in Germany if he 
possibly could. A German education, S iliiman told the younger 
man, would open to him "the best places in the country," and 
would “^before you know it transmute the coppers in your breeches 
pocket into gold." 5 Serious students saw a chance for intellectual 
adventure in Germany. A period of German study offered the in- 
comparable opportunity to work under such masters of chemistry 
as Friedrich Wohler at Gottingen, Heinrich Rose at Berlin August 
Kekul6 at Bonn, Justus von Liebig at Giessen and later Munich, 
and Robert Bunsen at Heidelberg. 

Whatever his reasons for going to Germany, the American 
student found there a totally new way of life. Living amid a 
culture much older than bis own, he was especially charmed by 
the smaller university towns, such as Gottingen and Heidelberg 
whose beautiful and accessible surroundings presented opportu- 
nities for pleasant evening walks and holiday excursions* 

If the physical environment pleased the American student, he 
had his reservations about German students. Their social groups, 
the exclusive Karps and Burschenschaften, seemed to exist for no 
other purpose than that of keeping alive the custom of dueling. 
Although German youths claimed their sword-play built miadmess 
and self-reliance, Americans found it revolting. 7 The heavy tippling 
of German students, and die noisy ritual they made of it, seemed 
particularly wicked to those youthful Americans reared to look 
upon sobriety as a cardinal virtue.® One youth, venturing to 
Germany in the 1850s, nearly gave up hope of finding a com- 
panion who did not indulge in the evils of "tobacco and intoxi- 



5. February 1, 1854, to W. H. Brewer, Yale Memorabilia CoDecuon, Yale 
University Library. 

6. Stephen M. Babcock, 19 May, 1878, to bis mother. Box 2 of correspond- 

M Babcoc * c P*P«s, Wisconsin Historical Society Library, 

7. See Fnedrich Paulsen, The German Universities, Their Character and 

£L ( i57 YoA i i 895) » “Mfc M. Hart, German 

Universities: A Narrative of Personal Experience, Together With A Comparison 

YaS?l mT** En ^ iA ’ Amerkan s V*em of Higher Education (New 

8. Harvey W. Wiley, Autobiography ( Indianapolis, 1930), 137. 
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eating drinks, such as wine, lager beer, tea, [and] coffee.”* 
The American chemistry student's academic experience in Ger- 
many was no less new and strange to him. Until the mid-1870s the 
Gennan university had no counterpart in the United States and 
was an institution which rested upon ideas largely unknown in 
American education. The first of these was the idea of LemfreQieit, 
or freedom of learning. In a Gennan university the student could’ 
sele ct his faculty and lectures with complete freedom. As the 
university had no taste for forced instruction, he was free to 
absent himself from his lectures if he so desired. Even in non- 
academic matters the university exercised no control over the 
student There were no chapel services, the student could choose 
his own place of lodging, and he was answerable only to himself 
or to civil authorities for his conduct 10 

The second fou nd a t i o n of the German university was the idea of 
Lehrfreiheit, or freedom of teaching. Every member of the faculty, 
whether an Ordentlicher (or full) professor, or a lowly, unsalaried 
Prwatdozent, had the right to teach *what he as he 

chooses.” 11 The major implication of Lehrfreiheit was freedom from 
state restraint, but the tradition of freedom of teaching ideally 
made it possible for instructors to compete for the of 

established professors and served to bring forth die best from 
every lecturer. 12 The u ltim a te gainer was the student for he heard 
lectures that were fresh and original. 1 * 

The third component of the Gennan concept of a university was 
the idea of original research, which colored every aspect of the aca- 
demic routine. The research dissertation, above all else, decided the 
fate of the applicant for die Prwatdozent position. 14 Academic ad- 



9. Evan Ptogh, October 31, 1953, to Mr. Editor, quoted in C. A. Browne, 
"The European Laboratory Experience* of an Early American Agricultural 
C2M9ou^-pr. Evan Pugh,” Journal of Chemical Education 7 (1930). 500. 

10. Paulsen, 201-11; Baynes, 630-32, 641. 11. Hart, 251. 

12. Actually' freedom from state restraint and competition among die facility 
£fT e . , .“f? 1 5 t V a 1 tio ? 1 ’ “d were not always attained in actual practice. 

1819 Carlsbad Decrees and Bismarck’s Kultuikampf of d i e 1870’s 
nught be cited as examples of slate policies which led to limitation of aca- 
demic fr eedom. Regarding intrafaculty competition, at some universities the 
PrhxOdozent did not enooach on a field already staked out by an instructor 

!t * g™k _ Sec Gf * JT 8 e Hempt, “Instruction in Gennan and American 

Universities, The Nation, 50 (1890), 241-42. 

13. Hart, 270-71. 
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vancement hinged also on research ability. 16 As one American noted, 
no German teacher "contents himself with merely attending to his 
classes, and sitting down at ease after he has got them at work. 
He is studying constantly himself; making original investigations 
and publishing them to the world." 16 

The American student soon found that research was central to 
his activity in the German university. Mere acquaintance with a 
body of knowledge was not enough. If he did not undergo a 
"trial of his strength in independent research," no matter how dili- 
gently he attended lectures and studied textbooks, he failed to meet 
the German requirements. 17 

The first task of the student of chemistry was to master the 
methods of science; he then had to apply those methods to at least 
one of die unsolved problems in his field, pursuing it doggedly un- 
til he could say to himself that "there is now nobody in the whole 
world" who could "instruct him further on this matter.” 18 

Evan Pugh was one of the thousand-odd American chemistry 
students who sought advanced training in German universities. 
Pugh, later president of the Pennsylvania Agriculture College (the 
forerunner of Pennsylvania State College), went to Germany in the 
middle 1850s. One of the laboratories in which he worked was 
that of Professor Friedrich Wohler at Gottingen. Pugh, like all of 
Wohler’s students, greatly revered the homely, humble master 
of chemistry. “To no man living," he remarked, “does the science of 
chemistry owe as much for the facts it embraces as to Professor 
Wohler.” Yet one could not find a more unostentatious man. Wohl- 
er’s “goodness of . . . heart,” Pugh said, even surpassed his “sim- 
plicity of maimers.” Wohler took a deep interest in his students, 
spending almost his entire day going “amongst them with his old 
coat and little cap on,” to check the progress of their research. 1 * 
When a student’s project bogged down, Wohler was “a most splen- 
did man to suggest courses that will probably lead to results.” 20 

Professor Wohler did everything possible to facilitate his students’ 
research. All equipment and chemicals in the laboratory were at 

15. Paulsen, 131; G. Stanley Hall, “Research the Vital Spirit of Teaching,” 
The Forum, 17 (1894), 569. 

16. Evan Pugh, October 31, 1853, to Mr. Editor, quoted in Browne, 500. 

17. Paulsen, 199. 

18. Evan Pugh, October 31, 1853, to Mr. Editor, quoted in Browne, 500. 

19. Evan Pugh, c. 1855, to Mr. Editor, quoted in Browne, 505. 

20. July 23, 1855, letter to S. W. Johnson, quoted in Browne, 504. 
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the students disposal. When the pupil needed a spe cial piece of 
apparatus made to order, the laboratory assistants fashioned it al- 
most immediately. If a student broke a piece of apparatus by care- 
lessness, he had to pay two-thirds of its value; but if “you break it 
by unforeseen . . . explosion,” Pugh said, “you pay nothing.” Once, 
an explosion during one of Pugh’s experiments totally demolished 
the equipment he was using. The blast brought Wohler in from his 
lecture to leam die cause. On hearing Pugh’s account of the mis- 
hap, die professor concluded that such an explosion could have 
happened to him as well, so die laboratory had to pay. 21 

Pugh was “well satisfied” that he came to Wohler's laboratory. 
The students were all advanced, and they worked with great 
seriousness of purpose. For “pure chemistry” Pugh found Gottingen 
“die place of places.” 22 There was “no other laboratory,” in Pugh’s 
opinion, “where more work, original work, or at least work on rare 
organic and inorganic substances is done than just here.” 23 

American scholars returned to the United States eager to im- 
pose die German research tradition on American scientific educa- 
tion. Such was die aim of George J. Brush, who returned to accept 
a post at the Yale Scientific School Writing in 1855 to S. W. John- 
son, who would join him at New Haven, Brush expressed confidence 
that “we shall be able to make things move when we return home. 
We’ll see whether we cannot revive things and inspire some new 
life in die School” 24 

German-trained chemists who returned to the United States be- 
tween die 1850’s and the 1870’s found few oppo rtunities to trans- 
late their idealism into action. Many young enthusiasts ba d experi- 
ences similar to that of the Williams College chemistry professor 
who, upon petitioning the college president for a research labora- 
tory, was told, “You will please keep in mind that this is a college 
and not a technical school The students who come here are not 
to be trained as chemists or geologists or physicists. . . . The object 
aimed at is culture, not practical knowledge.” 23 German-trained 
chemists found a larger provision for instruction in their field in 

21. Ibid. 

22. August 2, 1857, to S. W. Johnson, quoted in Browne, 510. 

23. July 23, 1855, to S. W. Johnson, quoted in Browne, 504. 

24. May 13, 1855, quoted in Elizabeth Osborne, From the Letter Files of 
Samuel W. Johnson (New York, 1918), 90. 

25. Quoted in Frederick Getman, The Life of Ira Remsen (Easton, Penn- 
sylvania, 1940), 42. 
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the scientific schools and departments, but these institutions were 
for the most part devoted to training practical chemists, not re- 
search men. According to Nicholas Murray Butler, the rapid growth 
of technical schools was the "main obstacle to the full establishment 
in America of the pursuit of science for its own sake.” 2 * 

Although devotees of the German research idea had only a 
limited field of action, time worked in their favor. Each year 
brought to the United States a new crop of German-trained scholars 
who favored reform in American higher education. In 1875 Andrew 
Ten Brook, University of Michigan Librarian, surveyed the Ameri- 
can educational scene with optimism. While noting that the 
United States was still without a true university, he felt that the 
time for the establishment of one was near at hand. “We have a few 
great schools,” he said, “which have outgrown the rank of the col- 
lege, and can at once be advanced to that of the university when 
their governing powers so determine.” If just one institution mad e 
the movement toward advanced training and research. Ten Brook 
felt, “others will follow.” 27 

A year after Ten Brooks remarks America’s first university, in 
the German sense, made its appearance. Contrary to Ten Brook’s 
expectations, it did not emerge in New Haven, Cambridge, or Ann 
Arbor. The distinction, instead, went to Baltimore. The Johns 
Hopkins University was able to play an innovating role in Ameri- 
can higher education because its benefactor gave his money almost 
without condition, leaving the institution’s future in the hands of a 
board of trustees. Those trustees, in turn, sought the counsel of a 
group of university presidents who were under heavy debt to Ger- 
many for their ideas on higher education. The most fertile piece of 
advice offered to the trustee group was the suggestion that they 
tender the presidency of the Johns Hopkins to Daniel COit Gilman, 
then head of the University of California and formerly professor of 
political economy at the Sheffield Scientific School. 

Gilmans response to the Hopkins offer foretold the course that 
the new university would take. He advised the trustees that if they 
intended to establish just “another college,” their offer “would not 
interest him.” On the other hand, if they wanted to establish a uni- 
versity which could bring together the best professors and the most 
advanced students, one which could “extend its influence . . . 

26. Introduction to Paulsen, xxiii. 

27. American State Universities (Cincinnati, 1875), 322-23. 
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throughout the land,” he would readily accept the Hopkins presi- 
dency. The trustees assented to Gilman’s terms, and the new 
president began at once the work of gathering his faculty. In his 
men he looked first and foremost for the ability to "pursue in- 
dependent and original investigation .” 28 

Gilman placed the chemistry department under the direction of a 
man ideally suited for the job of building a chemistry program on 
the German model. Ira Remsen was thoroughly exposed to German 
ideas and methods, having studied at Munich under Liebig and at 
Gottingen with Wohler and his assistant, Rudolph Fittig. Moreover, 
he had already proven himself an able researcher by the time he 
came to Baltimore, having published ten papers while in Germany 
and an equal number afterwards in the United States. Harmon 
Morse, another Gottingen scholar, became Remsen’s able assistant 
at the Johns Hopkins. 2 ® 

Remsen devised a course of study which would "encourage the 
most advanced work,” and would develop a "true spirit of investiga- 
tion” in his students . 80 In lecture courses Remsen and his associates 
offered training in the fundamentals of chemistry, but they took 
care to remind students that textbooks were only to be used as 
guides to instruction. The student was to stay abreast of new devel- 
opments reported in chemical journals. To make students aware of 
current research, Remsen held bi-weekly journal seminars at which 
students reported on recent publications. Besides serving to call the 
students’ attention to important new research, these sessions sharp- 
ened their critical faculties and helped them to improve their 
writing ability . 81 

The central feature of Remsen’s chemistry program was labora- 
tory instruction. Its aim was to give the student "a thorough knowl- 
edge of the pure science of Chemistry, and its methods .” 82 Before 
Remsen allowed students to undertake research projects they had 
to demonstrate an ability to handle basic experimental manipula- 

28. Daniel Coit Gilman, The Launching t University (New York, 1906), 
37-43; see ibid., 7, 27, 28. 

29. Getman, 31; W. A. Noyes and J. F. Nonis, “Ira Remsen,” National 
Academy of Sciences, Biographical Memoirs, 14 (1932), 210-13, 230; The 
Johns Hopldns University, Official Circulars (number 5, September, 1876), 
1-3; Ira Remsen, “Harmon N. Morse,” National Academy, Memoirs, 21 
(1926), 1-2. 

30. Johns Hopkins University, Official Circulars (no. 8, April, 1877), 3. 

31. Getman, 55-56. 

32. Johns Hopkins Circulars (no. 8, April, 1877), 3. 
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tions. Scholars quickly learned that Remsen and Morse were stick- 
lers (or thoroughness. One student, determined to get the prelimi- 
nary work behind him as quickly as possible, hastily ran an analysis 
and took his findings to Morse (or approval. Then came the rude 
awakening: Morse, the “big, kindly soft-spoken man . . . gave me 
to understand very gently but very firmly that approximate results 
did not suffice— I was to do the work over and over again until 
exact and consistent findings were obtained.” 83 

Alter proving his (amiliarity with basic procedure, the Hopkins 
student had the opportunity o( performing an investigation. Rem- 
sen set high standards (or this work. He let the student know that 
he would not accept as a research dissertation “a mere compilation, 
such as could be worked up in a good library.” What Remsen 
wanted was “a discussion o( some problem on the basis o( experi- 
ments undertaken by the candidate (or the purpose.” 84 

Little applied research came out o( Remsen’s laboratory. He felt 
that investigation in pure chemistry, no matter how remote, was 
the best basis o( preparation, whether “the student has in view a 
practical or a scientific object.” 86 Hopkins students (ound every- 
thing they needed to facilitate their experimentation: technical 
journals, special equipment, and experienced counsel. But Remsen 
and Morse did not spoon-feed their pupils. Aiming to build sell- 
reliance in their scholars, the two prolessionals, alter outlining each 
research problem thoroughly, left the budding investigators pretty 
much to their own devices. 86 

Remsen s success in building a chemistry department which 
could turn advanced scholars into independent investigators was 
representative o( the success o( other Hopkins prolessors. The col- 
lective achievement ol such men as Ira Remsen in chemistry, 
Henry Rowland in physics, Basil Gildersleeve in Greek, J. J. Sylves- 
ter in mathematics, and Herbert Baxter Adams in history came to 
be known as “the Hopkins example”; in the 1880’s and 1890 s this 
example carried the American graduate school experiment to com- 
pletion. In those two decades old and new institutions alike or- 
ganized lormal departments ol graduate instruction patterned after 
tiie John Hopkins University. In 1882 Yale College organized a 
graduate department, and five years later the University ol Penn- 

33. Statement of Dr. W. H. Howell, quoted in Remsen, 9. 

34. Johns Hopkins Circulars (no. 8, April, 1877), 3. 

35. Ibid. 36. Ibid., 2, 4; Getman, 69. 
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sylvania made its philosophy department a separate graduate 
school Before the close of the century many state institutions, such 
as the universities of Michigan and Wisconsin, likewise set up de- 
partments of giaduate instruction. 87 

While the graduate school movement was in progress, American 
che mis try students continued to seek advanced training in Ger- 
many. But the American university Ph.D. was so gaining in prestige 
that in the last decade of the century at least as many American 
chemists took theirs at such institutions as the Johns Hopkins, 
Yale, Harvard, Michigan, Co. v bia, and Chicago as earned the 
degree in the universities of Germany. 88 In 1905 a policy decision 
of the University of Berlin ended die qualitative distinction be- 
tween German and American education in chemistry. In that year 
the Berlin faculty announced that graduate work in chemistry, or 
in any other field, done in member institutions of the Association 
of American Universities, would be accepted as equal to work done 
in residence in any German university. 89 By the turn of this century 
American chemists had a system of education equal to any in the 
world. Not only did this system disseminate existing knowledge; it 
also trained American workers to add to that body of knowledge. 

37. See Frederick Rudolph, The American College and University (New 
York, 1962), 335; Edward Potts Cheyney, History of the University of Penn- 
sylvania (Philadelphia, 1940), 296-98; Thomas Jefferson Wertenbaker, Prince- 
ton , 1746-1896 (Princeton, 1946), 379. 

38. In 1900 the American Che mic al Society polled the small colleges to find 
out how many of their students still sought advanced training from German 
universities. The results of fire poll showed that students invariably took their 
graduate training in the large American universities (American Chemical So- 
ciety, Twenty-fifth Anniversary of the American Chemical Society [Easton, 
Pennsylvania, 1902], 135-36). The Survey of American chemists in the Na- 
tional Cyclopaedia showed that of fire chemists who took their graduate train- 
ing either in Germany or America (but not in both places) in the 1880’s, 
the German-trained students exceeded the American-trained students by nine 
to five; in the 1890’s, however, the lead was reversed, with the American- 
trained students outnumbering those trained in Germany by eight to five. 

39. “An Educational Entente,” The Nation, 80 (1905), 185. 



3. PROFESSIONAL ORGANIZATION: 
THE NATIONAL SOCIETIES 



"prior to the middle 1870s American chemists had no national 
organization of their own, nor had any attempt been made to 
establish one. Many societies, such as the American Association for 
the Advancement of Science, existed in support of science in gen- 
eral, and within such groups there were places for chemistry. But 
chemists were ready for a professional home of their own: the num- 
ber of practitioners of the science was increasing rapidly; chemistry 
was an academic specialty in leading institutions of higher learn- 
ing; and chemists recognized special needs and problems. 1 

American professionals saw much to be gained from having their 
own national organization. Such a body could organize the man- 
power required to solve many technical problems in the science, 
and the adoption of changes in chemical practice by a national so- 
ciety would carry enough weight to gain the acceptance of all 
practitioners. In the 1870’s American workers lacked a system for 
indexing the literature. There was no uniformity in analytical meth- 
ods, and the absence of exactness in atomic weight standards es- 
pecially plagued chemists. A national organization offered the hope 
of solving each of those problems. 

Chemists eager to build their profession on the German model 
also saw in a national society a means of widening their field of 
influence. National meetings would give leaders an opportunity to 
make the teaching of chemistry more uniform, to stimulate the re- 
search of less active workers, and generally to impose higher stand- 
ards of performance on the whole body of American chemists. 

Chemists took the first steps toward organizing their science in 
the early 1870’s. In 1873 at the close of the American Association 
meeting, a small group of men, including Frank Clarke of Cincin- 
nati University and Harvey W. Wiley of Northwestern Christian 
University (later Butler University), met to consider a separate or- 
ganization for chemistry within the association. At that time the 
association mixed chemists with astronomers, mathematicians, and 
physicists, and the hectic schedule of the annual gathering gave 
chemists no time to meet separately. To remedy that situation 
Clarke, Wiley, and other conferees drafted a petition, calling 

1. American Chemical Society, Twenty-fifth Anniversary of the American 
Cbrmical Society (Easton, Pennsylvania, 1902), 25-33. 
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on the 1874 session to create a permanent section of chemistry. 2 

Prior to the 1874 association meeting, another event took place 
which was significant in the establishment of a national organiza- 
tion. In early August chemists gathered to celebrate what they 
called the Centennial of Chemistry. The idea originated with 
Henry C. Bolton, professor at the Columbia School of Mines. In an 
open letter to the American Chemist, Bolton reminded his associ- 
ates that 1774, the year of Priestley’s discovery of oxygen, marked 
the birthdate of modem chemistry. Would it not, Bolton asked, “be 
an agreeable event if American chemists should meet on the first 
day of August, 1874, at some pleasant watering place to discuss 
chemical questions, especially the wonderfully rapid progress of 
chemical science in the past hundred years?” Professionals con- 
curred that it would be agreeable, and the Centennial was a huge 
success. Scientists from fifteen states and Canada met and heard 
addresses on the progress of chemistry and the contributions of 
American workers. 

The enthusiasm engendered during that first nation-wide con- 
ference of chemists led to a discussion of ways to continue the 
spirit of the Centennial. At that point the idea of an independent 
national chemical society made its first appearance. Although Cen- 
tennial president Charles F. Chandler, editor of the American 
Chemist, supported the suggestion, the idea met strong opposition. 
The very size of the country, the wide dispersion of chemists, and 
the lack of any professional identity among them, opponents of the 
idea argued, would stunt the growth of an independent society. 
After an earnest debate tLo Centennial delegates decided to drop 
the idea of independent organization and endorse the plan for a 
section of chemistry within the American Association. 8 

Two weeks later the association convened. Strengthened by sup- 
port from the Centennial, tne petition for a separate organization 
of chemistry won the approval of the association’s standing com- 
mittee, and in the section of “Chemistry, Chemical Physics, Chemi- 
cal Technology, Mineralogy, and Metallurgy,” American workers 
had their first national body. 4 



2. Ibid., 87; Wiley, Autobiography (Indianapolis, 1930), 217. 

3. Benjamin Silliman, Jr., "American Contributions to Chemistry,” The 
American Chemist 5 (1875), 70-114; see ibid., 195-209, 327-28; “Centennial 
of Chemistry,” ibid., 37-58, 41 

4. H. C. Bolton, “Address,” Proceedings of the American Association for the 
Advancement of Science, 31 (1883), 229-55. E. F. Smith, Chemistry in 
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